OBJECTIVES: Pulmonary ischaemia-reperfusion injury (IRI) is associated with several life-threatening pulmonary disorders, and may severely compromise the outcome of lung transplantation. Highly reactive molecules such as superoxide, nitric oxide (NO) and peroxynitrite (ONOO − ) are presumed to contribute to IRI pathogenesis, but this assumption is based on indirect measurements. We use electron spin resonance (ESR) to directly quantify free radical formation after pulmonary ischaemia and reperfusion.
INTRODUCTION
Pulmonary ischaemia-reperfusion injury (IRI) is an acute complication of lung transplantation and may result in primary graft dysfunction. During transplantation, the allograft lung is temporarily cut-off from both ventilation and perfusion. This period of ischaemia is followed by reperfusion when blood and air flow to the lung resume. The disruption and restoration of the blood supply initiate numerous cellular, molecular and biochemical cascades [1] . Cell death, hypercoagulability, immune activation and haemodynamic alterations in the microvasculature of the lung may trigger mild-to-severe organ damage. Symptoms of pulmonary IRI can range from hypoxaemia with few alveolar infiltrates to severe adult respiratory distress syndrome. The severity of postoperative IRI has also been linked to the occurrence of bronchiolitis obliterans syndrome (BO) in the long run [2] .
Growing evidence suggests that inflammatory factors released by neutrophils, macrophages, epithelial and endothelial cells determine the extent of IRI in the critical first hours after transplantation and the long-term development of BO. An important fraction of these inflammatory mediators are reactive oxygen species (ROS) and reactive nitrogen species (RNS). The single, unpaired electron on the outer electron shell of these free radicals makes them highly reactive towards other biomolecules. ROS such as superoxide anion ðO 2 ÁÀ Þ and RNS such as nitric oxide (NO ·− through lipid peroxidation and depletes the body's antioxidant reserve [3] .
To gain insight into the importance of free radicals in the pathogenesis of pulmonary IRI, we longitudinally quantified the highly reactive molecules O 2 ÁÀ ; NO ·− and their reaction product ONOO − in a murine model of IRI.
MATERIALS AND METHODS

Animals
The Laboratory Animal Ethics Committee of the University of Antwerp approved all animal protocols and experimental procedures (file 2012-36). Fifty female outbred Swiss Webster mice of 6-8 weeks old ( Janvier Laboratories, Belgium) were maintained in animal facilities with a constant temperature of 23°C, an average humidity of 53%, a 12 h day/night cycle and food and drinking water ad libitum. Animals were treated according to the guidelines provided by our institution and the European Directive for Laboratory Animal Care (Directive 2010/63/EU of the European Parliament).
Surgical technique
The surgical technique was modified from a rat model of pulmonary IRI that was developed at our lab to suit the smaller size of mice [4] . After induction of anaesthesia with 5% isoflurane and 95% oxygen, a surgical heating pad with continuous rectal thermovigilance maintained animal core temperature. The mouse was shaved from the armpit to the belly with a surgical clipper and orotracheally intubated. Anaesthesia was maintained at an isoflurane concentration of 1.7%. The respiratory rate was set at 160 breaths per minute with an inspiratory pressure of 18 cmH 2 O and a positive expiratory pressure of 2 cm H 2 O. The left scapula was palpated to identify the fourth intercostal muscle, which was incised to expose the pulmonary hilum. Depending on the experimental group, the left hilum was only exposed with mobilization of the lung (sham) or clamped with a small, atraumatic microsurgical clamp using a surgical microscope. Immediate cessation of the respiratory movements reflected ischaemia of the clamped lung. After 1 hour of anoxic ischaemia, the clamp was removed and the lung was reperfused and ventilated under visual inspection. The chest was closed in layers and the animal was allowed to recover. An injection of buprenorphine (1.0 mg/kg) attenuated postoperative discomfort to the animal. At the end of the reperfusion period, the animal was re-anaesthetized and sacrificed by exsanguination.
In the first experimental population, 0.6-1 ml of blood was taken from the inferior caval vein with an intravenous catheter. The left lung was excised and immediately snap-frozen for Western blot analysis and ascorbyl measurement with electron spin resonance (ESR-see point 4). In the second experimental population, the NO ·− spin trap was injected 30 min before sacrificing the animals as described below. Figure 1A and B shows the experimental design of the study. Because addition of NO ·− spin traps may interfere with protein nitrosation and pulmonary ROS generation, two experimental populations of 25 mice were used. One population (n = 5 per group, 5 groups in total) was used to quantify protein nitrosation in the lung and ROS in lung tissue and peripheral blood, while the other population (n = 5 per group, 5 groups in total) was treated with Fe(II)-DETC 2 for NO ·− detection. Within each experimental population, animals were divided randomly into treatment and control groups. A power analysis indicated the required minimum of 5 animals per group. The control sham group received 1 h of positive end expiratory pressure ventilation and thoracotomy with manipulation of the pulmonary hilum without microvascular clamping. Sham controls were preferred over negative controls to include the effect of stress associated with thoracotomy, anaesthesia or ventilation in our analysis. The first treatment group received 1 h of ischaemia through complete clamping of the hilum but no reperfusion (1I-0R). Three other treatment groups underwent reperfusion for 1, 4 and 24 h after 1 h of ischaemia (1I-1R, 1I-4R and 1I-24R, respectively).
Experimental design
Electron spin resonance for detection of free radicals
Because of their high reactivity and extremely short half-life, free radicals are very difficult to detect. ESR, also called electron paramagnetic resonance (EPR), is a detection technique based on the specific behaviour of free radicals in a magnetic field. Free radicals contain unpaired free electrons that act as tiny magnets, and therefore align themselves in the magnetic field that is generated by the ESR spectrometer. When an external energy source in the form of a radiofrequent microwave is added to the sample, these free electrons jump from a low-energy state to a high-energy state. This absorption of energy can be measured, and is directly correlated to the amount of free radicals present in the sample. Spin trapping and spin probing techniques have been developed to stabilize free radicals for ESR detection. Spin traps and probes act as a stabilizer, to increase free radical half-life so their signal can be picked up by the spectrometer. This mechanism of trapping and probing is schematically presented in Fig. 1B .
In this mouse model of pulmonary IRI, NO ·− and O 2 ÁÀ were trapped by Fe(II)DETC 2 (iron(II)diethyldithiocarbamate) and ascorbic acid, respectively. Diethyldithio-carbamate trihydrate (DETC) is a lipophilic molecule. Therefore, the NO-Fe(II)DETC 2 complex is incorporated in the wall of lung parenchymal cells and is fixated there. This implicates that NO ·− is trapped at the site of its formation. Unfortunately, in our model we could not trap superoxide anion with existing spin traps for O 2 ÁÀ detection such as 3,4-dihydro-2,3-dimethyl-2H-pyrrole 1-oxide and 5-(Diethoxyphosphoryl)-5-methyl-1-pyrroline-N-oxide, 2-Diethylphosphono-2-methyl-3,4-dihydro-2H-pyrrole 1-oxide, (2-Methyl-3,4-dihydro-1-oxide-2H-pyrrol-2-yl) diethylphosphonate (data not included). Therefore, we used the antioxidant and ESR-detectable properties of ascorbic acid or vitamin C as described by Vanhees et al. [5] to our advantage. This strategy also eliminated the need of adding an external spin trap for ROS.
Ascorbic acid is abundantly present in tissue cells and readily converted to ascorbyl radical by O 2 ÁÀ : In peripheral blood, we resorted to the ROS-specific spin probe 1-hydroxy-3-methoxycarbonyl-2,2,5,5-tetramethylpyrrolidine (CMH).
Ascorbyl as endogenous reactive oxygen species spin trap.
To quantify oxidized vitamin C such as ascorbyl radical, snap-frozen lungs were briefly thawed and homogenized (Qiagen TissueRuptor, Qiagen, Netherlands). Homogenates were placed on ice for direct EXPERIMENTAL measurements using ESR spectroscopy. ESR spectra were recorded using the settings as previously described by Linschooten et al.
[6] on a Bruker EMX 1273 spectrometer. A doublet with a splitting constant (aH) of 1.8 G characterizes vitamin C radical. Quantification in arbitrary units (A.U.) was performed through peak surface measurements using the WIN-EPR software. ÁÀ . A magnetic field B that is applied by the spectrometer and free unpaired electrons in free radicals are aligned in this field. Microwave energy absorption of these unpaired electrons is measured by the ESR spectrometer and quantified in arbitrary units (A.U.). This absorption is an indication of free radical concentration in the measured sample. O 2 ÁÀ and NO ·− react to form ONOO − , which in turn nitrosates tyrosin. Using Western blot analysis, we can quantify peroxynitrite concentration during ischaemia and reperfusion. Free radicals are depicted in red. [7] . These chemicals (all purchased from Sigma, Germany) interact to form membrane-bound Fe 2+ -(DETC) 2 that traps all intra-and extracellular NO ·− . Snap-frozen lung samples were placed in a quartz liquid finger dewar, containing liquid N 2 at the centre of the cavity of an X-band spectrometer (Bruker EMX 1273, Biospin, Rheinstetten, Germany) equipped with an ER 4119HS high-sensitivity resonator operating at 9.43 GHz with a 20 mW microwave power. The magnetic field was 100 kHz with a 5 G amplitude. Ten scans were performed on each sample. NO ·− signal intensity was calculated from the surfaces of the three typical NO ·− spectral peaks by the Bruker WIN-EPR software and expressed as A.U.
CMH as a free radical spin probe in peripheral blood. After ischaemia and reperfusion, blood was taken from the vena cava and immediately mixed (1:1) with a spin probe solution containing a 10 mM CMH (Noxygen Science Transfer & Diagnostics GMBH, Germany) solution in KHB mixed with 25 µM deferoxamine (Noxygen) and 5 µM of sodium DETC (Noxygen) at pH 7.4. Of this mixture, 60 µl was immediately loaded into a 50 µl glass capillary (Duran Rincaps, Hirschmann, Germany) to acquire the ESR spectrum using a table-top MiniScope MS 200 spectrometer (Magnettech, Germany). The spectra were measured at room temperature at a centre field of 3350 G with a sweep of 100 G. The modulation amplitude was set at 1000 mG with an attenuation of 15 dB and a gain of 10. Three scans of 30 s each were accumulated for every sample. Results were recorded using the Analysis 2.0 (Magnettech, Germany) software and expressed as ESR peak amplitude A.U. as a measure of free radical concentration in the observed sample.
Western blotting
ONOO-formation was quantified by observing tyrosin nitrosation [8] . Snap-frozen lungs were homogenized (Qiagen TissueRuptor, Qiagen, Germany) in cold RIPA lysis buffer and kept on ice. After addition of Laemmli loading buffer (BioRad Laboratories, USA) containing 5% 2-mercapto-ethanol (Sigma, Belgium), the homogenate was boiled for 5 min. Protein content of each sample was determined by Bradford analysis before sodium dodecyl sulfate-polyacrylamide gel electrophoresis gel electrophoresis (MiniProtean 4-20% Tris-Glycine gel, BioRad Laboratories, USA) under reducing conditions at 150 V at room temperature. Separated samples were electroblotted onto an Immobilon-P transfer membrane (Millipore, USA). The membrane was blocked for 1 h at room temperature with a 5% milk in tris buffered saline-tween (TBS-T) solution. Primary antibodies (1:1000 rabbit anti-nitrotyrosine, Santa Cruz, Germany and 1:2500 mouse anti-actin, Sigma, Germany) were diluted in TBS-T with 5% milk and incubated overnight at 4°C. After 1 h incubation with a 1:2500 peroxidase-conjugated secondary antibody (Swine anti-rabbit, DAKO, Denmark) at room temperature, the blot was developed using SuperSignal West Femto Substrate (Pierce, USA) and chemiluminescence was visualized using a Genoplex Chemi camera (VWR, Belgium) after 5 min of incubation.
Statistical analysis
Experimental groups were compared using SPSS 20 for Windows (IBM, USA) with one-way analysis of variance (ANOVA) and post hoc testing (least significant difference, LSD). Statistical significance was assumed at a probability (P) lower than 0.05. Means and standard error of mean (S.E.M) are shown for each group. Graphs were plotted using GraphPad Prism version 5.00 (GraphPad Software, Inc., USA).
RESULTS
Pulmonary reactive oxygen species and NO ·−
In the lungs of mice exposed to 1 h of reperfusion, significantly more vitamin C radical was observed (10.024 ± 0.769 × 10 4 A.U.) in comparison with sham (6.237 ± 0.438 × 10 4 A.U.) ( Fig. 2A) . Figure 2B shows representative spectra. Pulmonary vitamin C radical did not significantly differ between sham-operated lungs and lungs subjected to 1 h of ischaemia (6.557 ± 0.337 × 10 4 A.U.). After 4 h (6.361 ± 0.443 × 10 4 A.U.) or 24 h (6.221 ± 0.438 × 10 4 A. U.) of reperfusion, the signal corresponding to vitamin C radical in the lung was similar to that in sham-operated animals. Figure 3A shows the evolution of NO ·− quantities in the lung tissue during pulmonary IRI. The area under the curve was calculated for each NO ·− fingerprint. Figure 3B presents the typical NO ·− spectra for lungs that underwent sham thoracotomy and for those that underwent ischaemia and 1 h of reperfusion. Compared with sham thoracotomy (1.84 ± 0.75 × 10 4 A.U.), a significant increase in NO ·− level was found after 1 h of ischaemia (3.93 ± 0.65 × 10 4 A.U., P < 0.01). After 1 h of reperfusion, the 
EXPERIMENTAL
highest NO ·− production was detected (14.69 ± 0.91 × 10 4 A.U., P < 0.001). The NO ·− quantity declined to lower levels after 4 h (3.74 ± 0.62 × 10 4 A.U) and 24 h (3.84 ± 0.38 × 10 4 A.U.) of reperfusion, but remained significantly higher than in the sham-operated lungs (P < 0.01).
Protein nitrosation
To determine the effect of O 2 ÁÀ and NO ·− on pulmonary tissue through their reaction product ONOO − , the amount of nitrosated protein was determined by Western blotting (Fig. 4A) .
After 1 h of reperfusion, a significant burst of protein nitrosation was observed (0.105 ± 0.015 A.U.) compared with sham (0.047 ± 0.006 A.U.). This peak gradually declined during reperfusion (Fig. 4B) . Lung tissue that was only subjected to ischaemia (0.051 ± 0.05 A.U.) did not show increased protein nitrosation compared with sham. Figure 5A shows the evolution of free radical content during IR in blood taken from the inferior caval vein. The results are depicted as the amplitude of the ESR signal acquired with the spin probe CMH. After sham thoracotomy, a baseline amount of CM · radicals of 6660 ± 833 A.U. was observed, which increased almost 2-fold after 1 h of ischaemia (11 774 ± 728 A.U., P < 0.001). During reperfusion, the amount of CM · radicals declined to 7236 ± 980 A.U.
Free radicals in peripheral blood
(1 h of reperfusion, P < 0.001 compared with sham) and remained at baseline during reperfusion up to 24 h. Figure 5B displays a typical CM · radical fingerprint with differences between a representative spectrum of 1 h of reperfusion (solid red line) and sham procedure (dotted blue line).
DISCUSSION
In the last decade, the importance of lung surgeries, such as transplantations, sleeve lobectomies and isolated in vivo and ex vivo lung perfusions, has significantly increased. Since pulmonary IRI may significantly compromise the outcome of these procedures, the pathophysiological determinants and underlying biochemical mechanisms should be further explored. This study focused on the importance of ROS and RNS during pulmonary IRI [9] . Studies in the myocardium [10] , liver [11] and kidney [12] have already pointed out that reintroduction of molecular oxygen to tissue generates free radicals. During reoxygenation, a burst of ROS occurs, suggesting that reperfusion is the critical event in IRI. A free radical-generating chain reaction propagates until the antioxidant supplies become replenished [1] .
To gain more insight into the formation of free radicals during pulmonary ischaemia and reperfusion, we quantified O 2 ÁÀ , NO ·− and their reaction product ONOO − at different time points. Since these molecules trigger the majority of ROS-and RNS-dependent cascades, they can be held responsible for oxidative tissue damage in numerous IR-related pathophysiological conditions [13] . Here, we use the very powerful ESR technique to quantify these free radicals in lung tissue and peripheral blood of mice subjected to pulmonary ischaemia and reperfusion.
Our most important findings are the coinciding peaks of ascorbyl radical, NO ·− adducts and protein nitrosation in pulmonary tissue following 1 h of reperfusion (Figs 2A, 3A and 4A ). These data indicate that O 2 ÁÀ and NO ·− are formed during reperfusion, and that their interaction leads to increased ONOO − concentrations. Figure 2A shows the significant increase in ROS after 1 h of reperfusion, which may have originated from different enzymatic systems [1] such as xanthine oxidase (XO)/dehydrogenase (XDH), NADPH oxidase (NOX) in neutrophils and nitric oxide synthases (NOS) in the endothelium, macrophages and neutrophils. Cessation of the aerobic metabolism triggers the conversion of XDH to XO that oxidizes hypoxanthine to uric acid with O 2 ÁÀ as a byproduct. The significant ROS peak after 1 h of reperfusion might be related to this conversion. In addition, the depletion of NOS-stabilizing cofactors, such as tetrahydrobiopterin, in the oxidative stress environment may lead to the functional uncoupling of endothelial NOS and a subsequent shift from endothelial NO ·− production to O 2 ÁÀ formation [14] . Figure 3A presents the evolution of NO ·− formation during ischaemia and reperfusion. NOS activation and upregulation may be responsible for the NO ·− peak after 1 h of reperfusion. In a rat model of orthotropic lung transplantation, Wu et al. [15] found that inducible NOS inhibition greatly reduced vascular dysfunction, oedema and inflammatory cell infiltration. As proinflammatory signalling molecules, RNS recruit macrophages and neutrophils that further amplify oxidative stress in lung tissue [4] . Figure 4A shows that the peak in pulmonary ONOO − coincides with the elevated levels of ROS ( Fig. 2A) and NO ·− (Fig. 3A) . During early reperfusion, high amounts of O 2 ÁÀ react with NO ·− to form ONOO − , a molecule with strong oxidizing abilities. ONOO − promotes cell death through interference with numerous cellular processes and gives rise to numerous cytotoxic agents such as hydroxyl radical ( · OH), nitrogen dioxide ( · NO 2 ) and carbonate radicals [3] .
Although our study shows a significant accumulation of ROS and RNS in the lung during early reperfusion, this free radical-rich environment seems to be rather short-lived. While the highest amounts of free radicals were measured after 1 h of reperfusion, ROS and RNS normalized to the same levels as in sham-operated animals after 4 and 24 h of reperfusion. Ischaemia and reperfusion thus trigger free radical formation immediately after initiation of the reperfusion process followed by a swift stabilization of the oxidative environment.
In addition to free radical quantification in lung tissue, this study measured systemic oxidative stress in peripheral blood during pulmonary ischaemia and reperfusion. Surprisingly, ROS levels in caval blood peaked after 1 h of ischaemia. After very short (1 min, data not presented), short (1 h) or longer (24 h) reperfusion, the elevated ROS concentrations in the peripheral circulatory system dropped to baseline, that is, to the same levels as in sham-operated animals.
Recent studies reported increased ROS levels in peripheral tissue, perivascular mast cells and the endothelium immediately after the onset of hypoxia or proposed that alveolar macrophages play an important role in the accumulation of ROS [16] [17] [18] . Based on these findings we hypothesize that, in response to low alveolar pO 2 , macrophage-derived monocyte chemoattractant protein-1 induces T-lymphocyte activation and peripheral mast cell degranulation in both the ischaemic and contralateral lung, leading to increased ROS levels. Further studies are essential to unravel the precise impact of these pathways on free radical formation during pulmonary ischaemia [16, 17] .
While our experiments did not reflect radical formation in the lung before reperfusion, the same studies show tissue accumulation of free radicals during ischaemia. Also in a study on isolated rat lungs, the ROS-sensitive chemiluminescent probe dihydroethidine was increasingly oxidized in response to ischaemia without reperfusion [18] . Similarly, malondialdehyde assays (MDAs) indicated that exposure of rats to pulmonary hypoxia for up to 24 h significantly augmented pulmonary oxidative stress [19] . The discrepancy Figure 5 : (A) Evolution of free radical content of peripheral blood during pulmonary ischaemia-reperfusion injury. Signal amplitudes of the CM · radical spectra are expressed as arbitrary units (A.U.) After 1 h of ischaemia, a marked peak in peripheral free radical production was observed. During reperfusion, the free radical content returned to baseline. After 24 h of reperfusion, the free radical content showed a significant decrease compared with 1 and 4 h of reperfusion. Data are presented as mean ± S.E.M., *P < 0.01, **P < 0.001, one-way ANOVA with LSD post hoc, n = 5 per reperfusion group. (B) A typical CM · radical spectrum for peripheral blood taken after sham operation (dashed blue line) and 1 h of ischaemia (continuous red line).
between these data that associate pulmonary ischaemia with pulmonary oxidative stress and our own may be related to the ROS detection tools. Fluorescent probes based on reduced dyes often lack selectivity and may oxidize spontaneously, producing falsepositive results [20] . MDA assay is sensitive to interference from MDA-related molecules and may overestimate free radical production because of the stressing effect of the analysis protocol on the processed tissue sample [21] . ESR spectroscopy offers the major advantage of radical quantification, instead of measuring changes in probe fluorescence or lipid constitution. As such, we believe that ESR is the technique of choice to investigate O 2 ÁÀ and NO ·− levels.
CONCLUSION
The free radical peaks during early reperfusion put these molecules at a prominent place of the IRI scene. In the long run, ROS and RNS could be considered as therapeutic targets in the treatment of IRI-related complications. Inhibition of radical formation or scavenging of formed radicals could diminish the detrimental effects of these molecules on cells and tissue and ultimately provide protective strategies, aimed at bettering postoperative patient outcome. To evaluate the effect of these therapeutic strategies, ESR could represent a suitable technique, both for blood and tissue samples.
Dr R. Schmid (Bern, Switzerland): It reminds me of my youth, because I made my habilitation on ischaemia reperfusion injury after lung transplantation. And at that time, we tried to scavenge the superoxide radicals, and did some research in this field. A few questions: Your model evaluates warm ischaemia, and my question is, do you think it is clinically relevant for lung transplantation if you evaluate warm ischaemia? There might be a big difference between processes in warm ischaemia and cold ischaemia, when we apply it to the lung.
Dr Gielis: Absolutely. It is a question we asked ourselves as well. The procedure we developed here needed to be a simple procedure that would also be able to be performed by residents or laboratory technicians who have had less experience with animal surgery. This is the reason we went for the warm ischaemia model. However, we work closely together with researchers from Zurich University Hospital who perform lung pulmonary transplantations in mice. Apparently, they have similar morphological results as us. So I believe that the model itself works and it does the job of providing a decent way of studying pulmonary IRI.
On the other hand, you are absolutely correct, that an hour of warm ischaemia is not the same as a period of cold ischaemia. Still, I think we can extrapolate it.
Dr Schmid: Thank you very much. That was my lab I built up at Zurich, because I did my habilitation in Zurich, so history comes back.
Dr Gielis: Absolutely, yes. Dr Schmid: The second question, you also mentioned eNOS. Dr Gielis: Yes.
Dr Schmid: In my opinion, in our own research, we found that eNOS is probably not the bad guy. eNOS is endothelial NO, and it creates vasodilation. iNOS, inducible NO synthase, is a much, much more potent enzyme. It is producing about 1000 times more NO than eNOS.
So probably, when you measure NO produced by eNOS, it is not very relevant. It is in the noise.
Dr Gielis: Right, absolutely. I agree about the NO. Dr Schmid: So inducible nitric oxide synthase, which is iNOS, is important. If you want to evaluate the damage, you have to look at this enzyme. And what is your comment on that?
Dr Gielis: I would love to comment on that, because indeed, the majority of NO production during IRI is iNOS-mediated. eNOS is a constitutive enzyme.
However, during ischaemia reperfusion injury, eNOS can uncouple. It changes its form. It changes from a homodimeric protein, two monomers that are entwined closely with each other and produce nitric oxide, to two separate monomers that produce superoxide instead of NO. This is a functional and structural uncoupling, which induces the production of superoxide instead of nitric oxide. It is our hypothesis that this uncoupling is also playing a role during ischaemia reperfusion injury. I have even brought a picture of an eNOS Western blot, because it was quite a challenge to detect eNOS uncoupling.
The dimers are the two enzymes combined, and the monomer is the two proteins falling apart. But you have to do a very specific Western blot, at low temperatures, and make sure that you do not denaturize your proteins. You see that the effect of homogenization of the lung, with a mixer (which adds a tiny bit of temperature to the sample through the homogenization process), already induces eNOS uncoupling. We are interested in the effect of eNOS uncoupling on the production of free radicals, not only on nitric oxide production.
Dr Schmid: My last question is a little bit in the same direction.
Can you compare the potency of the different radicals amongst themselves? You know, you have different measurements, and this is the beauty of your system. And this brings this kind of research much further, because you can measure the actual NO in the tissue or the radical in the tissue.
Can you compare the potency of the different oxygen radicals with each other, so you can say this damage is produced by superoxide or not? And just a little hint, you have to look at the co-enzymes. We substituted tetrahydrobiopterin in our system, and then probably the damage will be lower.
Dr Gielis: Yes, but if you are going to substitute it with tetrahydrobiopterin, you also have to take into account the anti-oxidative effect of tetrahydrobiopterin next to the stabilizing effect it has on iNOS and eNOS.
So it is very difficult to make sure which is responsible for what. And it is true that the amount of superoxide that is generated is much lower than the amount of nitric oxide that is generated during ischaemia reperfusion.
Dr Schmid: But does it make less damage? This is the question. Dr Gielis: I must say, I cannot give you a direct answer to that. I have really no idea whether excessive amounts of NO are more damaging than small amounts of superoxide.
Dr H. Ankersmit (Vienna, Austria): I was working with reperfusion injury in pigs and also in rats, and from pig data, we have two possibilities to sort of illustrate nitric oxide turnover.
You can do it with a simple ELISA, where you can detect nitric oxide derivatives, and you can sort of get that into proportion with what you see with the Western blot.
My next question, have you done any apoptosis-specific ELISA like histones or TUNEL staining to sort of get some better picture on this?
Dr Gielis: We still need to work on the clinical evaluation of our model. So we did activate caspase-3 on IR lung sections. I discussed this with a professor of histology and he told me to be careful with TUNEL staining, because you are going to detect not only apoptotic nuclei, but also apoptotic bodies, and it is difficult to distinguish between those. So he suggested that I should have a look at activated caspase-3.
Dr Ankersmit: Okay, so going back to the serum, there are two ELISAs which are quite useful in our setting. There was histone detection by Roche; and the second was CCK-18. It is cytokeratin-18, where you sort of demonstrate and also you can visualize the turnaround.
Is that what you are doing? Dr Gielis: I am working low budget, and only one ELISA costs almost 600 Euro. But thank you for the suggestion. It is certainly worthwhile to elaborate on CCK-18.
